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PREFACE
Airborne collision avoidance systems can be characterized as

being active or passive depending upon how the protected aircraft
obtains surveillance information. The active CAS utilizes an on-
board interrogator capable of independent surveillance of surround-
ing traffic. The passive CAS obtains similar surveillance infor-
mation primarily by listening-in to the ground interrogations and
surrounding aircraft replies. One of the design options of a
passive CAS is to use the Secondary Surveillance Radar (SSR) an-
tenna rotation position as azimuth reference. Such information is
obtained by decoding the regularly broadcasted Discrete Address
Beacon System (DABS) (Mode S) squitter messages from the ground- 1
based Radar Beacon Transmitter (RBS) located at the same SSR site.
The antenna rotation rate constancy between the uplink squitter
messages becomes a critical parameter in deriving the position of
an intruder. This test plan is intended to determine, by measure-
ments and analysis, the impact of such antenna rotation rate var-
iations.

A high precision measurement system was developed to evaluate e
the SSR antennas rotation rate stability under environmental con-
ditions encountered at a test site. For the extreme environmental
conditions, a mathematical model was also developed to extrapolate
its performance. Measurement system design, software, a mathemat-
ical model, and data analysis programs were developed at TSC, by
the staff of the Telecommunication Branch (DTS-531). Support was
provided for test system software design, by Martindale Associates,
Inc., Reading, MA, especially by Maurice C. Devine.

Preparation of the test plan required efforts of many individ-
uals and organizations. Particular recognition goes to John L.
Brennan, ARD-243 for coordination of tasks and specifying require-
ments and George Mahnken, ATC-154 for arranging the test site, in-
stallation of test equipment, and conducting the tests. The contri-
bution of following TSC personnel are hereby greatfully acknowledged:

Dr. Kanti Prasad for mathematical model development and the initial
design of the test equipment; and William Wade and Robert Jones

for design, development and checking-out of the system; Juris
Raudseps for specifying output data formats; and Marsha D. O'Connell
for developing mathematical algorithms for the data analysis pro-
grams.
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1.° INTRODUCTION AND BACKGROUND

1. 1 INTRODUCTION R,

l The =AA under the Alr Trafflc Control Radar Beacon System
[ (ATCPBS) improvement rrogram, has requested the TSC (1) to present

a plan to investigate the impact of wind loading on the rotational
! stability of the Secondary Surveillance Radar(SSR) antenna mounted
| on the ASR-7 or 8 pedestal and (2) to assess the impact on the o
passive RCAS operation. This plan gives the sequence of tests to be ]
| performed at the test sites, the analysis and computer simulation
! to be carried out using field data and mathematical models, and to

make appropriate conclusions.

. This test plan specifies the measurements to be performed

and the analysis to be conducted in order to determine the varia- !
tions that may occur in the Secondary Surveillance Radar (SSR)

antenna rotation rate under different environmental conditions

and to evaluate the effect of those variations on Full Beacon

- Collision Avoidance System (BCAS) operation. Alternatives will

be proposed if the current design is found to be inadequate. The .
, FAA spec1f1catlons for the antenna rotation rate of t the Airport Sur-
've1llance Radar (ASR)(to—whlch the SSR antenna is r1g1d1y attached)
is 12.5 tpm *10 percent over the range of service cond1t10ns,

which include wind velocities up to 85 knots and a 1/2 inch radial
icing conditions. Analyses conducted by the Institute for Defense
Analyses (IDA)1 have indicated that such variations may lead to
unacceptably large errors in calculated relative target position

for the Full BCAS.

The passive and semiactive modes of Full BCAS calculations
of position for ground radar sites and aircraft requires a know-
ledge of aircraft azimuth relative to the SSR sites. The deter-
mination of azimuth is based on measurements of time of receipt
IReport No. FAA-RD-79-18, A Review and Analysis of the FAA BCAS
Concept, Irvin W. Kay, June 1979, Page 35.

- 1-1




of the ground squitter messages and of the time when the rotating
interrogation beam passes the aircraft.

.- Approximately once per second the Radar Based Transponder
(RBX) at an SSR site emits a squitter message giving the current
direction of the SSR antenna main beam. The BCAS determines
the time of passage of the SSR main beam past the own aircraft
by estimating the centroid of the sequence of approximately 16
ATCRBS interrogation pulse pairs which it receives while in the
beam.

The bearing of the BCAS from the SSR (own azimuth) can be
calculated by adding the antenna angle (at the time of the
squitter message) to the change in antenna angle between the time
of the squitter and the time the main beam passes the BCAS. If
the antenna is assumed to rotate at a constant rate, the change
in antenna angle is assumed to rotate at a constant rate, the
change in antenna angle is the observed time interval multiplied
by the rotation rate.

Similar calculations can be performed to determine the bear-
ing of a target from the SSR (target azimuth) and the differential
azimuth. The time of passage of the antenna main beam past the
target is estimated from the centroid of the sequence of elicited
target transponder replies. The angle calculations again depend
upon an assumption of a constant rotation rate.

Even when the period of a complete antenna revolution
remains constant, wind loads on the antenna may cause significant
accelerations and decelerations within each revolution giving
instantaneous rotation rates substantially different from the
average rate. Figure 1 illustrates the error that may result in
the computed position of a target relative to BCAS if the rotation
rate deviates 10 percent from its average value while the antenna
rotates through a differential azimuth angle of approximately 40°.
The maximum possible separation in angle between BCAS and a target
is < 90° for a l-second squitter rate and at a 15-rpm antenna
rotation rate.

1-2
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The tests and analyses specified herein will determine what
deviations of antenna rotation rate from the nominal will occur

under different environmental conditions, and will calculate the
extent to which these deviations will degrade BCAS target track-
ing accuracy.

1.2 BACKGROUND

During ATCRBS improvement studies in 1973,2’3 some analyses

were performed to predict antenna performance for dynamic opera-
tion and for antenna survival.

Some analytical data are available which may be applicable
to this current problem. Illustrative samples of these data are
given in Figures 2 and 3. A sample plot of antenna speed vs. wind
angle-of-incidence for an 85-knot wind and icing conditions is
shown in Figure 2, and yawing moment as a function of wind angle-
of-incidence alone is shown in Figure 3. l

From the analysis, it is concluded that the dynamic yaw
moment can change the antenna rotation speed, and since the
antenna drive motor is vital in maintaining a constant antenna
rotation rate, the motor should be studied. Induction motors are
used. From the manufacturer's test data of the torque-speed
characteristics, it is possible to predict acceptable performance
limits and to specify modifications for improvements, provided
that the other system and envirommental factors are also known.
Typical torque-speed plots for the 5-hp motor presently used for
ATCRBS antenna drives are shown in Figure 4 and for comparison
a curve for a 30 -hp motor is shown in Figure S.

Under a Texas instruments in-house effort,4 a one fourth

scale SSR antenna model was constructed and tested in a wind

2 . .
Preliminary Draft of Report 10991, Phase I, ATCRBS Antenna

Modification Kit, Section IV, Hazeltine Company.

3Draft Report, ATCRBS Phase I Engineering Report, July 25, 1973,
by Texas Instruments.

4armand J. Mailet, AF230, Private Communications.
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tunnel. Two field tests were also conducted. The results of a
field test conducted by the FAA Technical Centersover a limited
range of environmental conditions, are shown in Figure 6. The
results of the second, a large military antenna, do indicate the
effects of wind and have some bearing on the current problem. See
Figure 7 . Nevertheless, there are no known data from dynamic
field tests which would be useful for (Full BCAS program) answer-
ing the SSR rotation constancy question satisfactorily.

George J. Hartranft, ANA-120, Memo-Wind Speed Affects on ACP

Count at NAFEC ASR-7 Site, January 14, 15, 16, 1976.
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2. TEST OBJECTIVES

2.1 DETERMINE CAPABILITY OF SSR ANTENNA ROTATION RATE STABILITY
WITH THE FULL BCAS DESIGN REQUIREMENT.

1. To perform SSR antenna rotation rate measurements in the
field for a wide range of environmental conditions in
order to determine the range of conditions over which
rotational stability under the Full BCAS concept is
acceptable.

2. To assess performance degradation of Full BCAS outside
this range of conditions.

- - . . e -

2.2 IDENTIFY ANTENNA ROTATION STABILIZATION ALTERNATIVES, IF
REQUIRED
Conduct data reduction and analysis of the field data and
compare these data with analytical data and with parametric
simulation.results. Assess whether or not current performance
is adequate for Full BCAS utilization. If not, then evaluate
improvements by analysis and simulation using various alternative
approaches and identify more promising ones for field evaluation.




3. SCOPE

3.1 SCOPE OF THE TASKS

The thrust of this effort lies in obtaining useful field
measurements of antenna rotation speed, supplemented by analyses
and simulation, for the range of environmental conditions
specified by the FAA. The final recommendations will be based
on these results. With the foregoing in mind, the program will
consist of the following elements, which are of equal importance.

1. Field measurements at operational sites,
2. Analysis,
3. Simulation,

4. Evaluation of alternatives by analysis and simulation
and identification of alternatives for field evaluation.

3.1.1 Requirements for Field Measurements ]

3.1.1.1 Types of SSR and ASR Antennas - The present antenna for
ATCRBS sites is the ATCRBS five-foot open array antenna, Type FA-
9764, colocated with the ASR or ARSR antenna. '"Colocated" means *
that the beacon antenna is mounted on the same pedestal as the
primary antenna. This setup, although very convenient for ATCRBS
antenna installation, is of some concern in the implementation of
the Full BCAS concept because of the much larger projected area
of the antenna which is exposed to the wind loads and icing
conditions. The Open Array antenna has replaced the Hog Trough
antennas which was specified by FAA for the Terminal and En Route
sites. Under the ATCRBS improvement program, the DABS systems is
being developed. It is currently proposed that DABS sites will
have two types of antenna installations, either the Open Array,
FAA-E-2660, or the Back-to-Back, FAA-ER-240-35a, antenna. The
Open Array Antenna mounted on top of an ASR-7 antenna is shown

in Figure 8.

3-1
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With the Open Array antenna installation, the antenna rota-
tion speed may be affected even more by wind than before, because
the projected area for the Open Array is S ft x 28 ft, and the
antenna has to maintain the same rotational speed of up to 15 rpm.

Only the SSR Open Array antenna will be tested beginning :
with the Open Array, FAA-E-2660, installed at the FAA Technical
Center Terminal Radar Beacon Test Facility (TRBTF) site, Atlantic
City, N.J.

3.2 DATA COLLECTION

3.2.1 Selection of Test Sites

To obtain as many field measurements as possible during
extreme environmental changes, a variety of climates at the
selected sites is required. Test areas other than Federal Avia-
tion Administration Technical Center, Atlantic City, NJ are being 1
considered, including remote sites, such as, sites in Alaska
ot Greenland or windy , desert areas in California. The Full
BCAS concept is based on the reception of both ATCRBS and DABS
signals. Although ATCRBS and DABS sites have some distinct dif-
ferences, test results are to be compatible. s

It is worthwhile to notice that all en route ARSR antennas
are protected by radomes, and it is assumed for our purposes that
the drag torque, inertia-induced torque, and the off-center
torque will have a minimal effect on the dynamic yaw moment and j
therefore will not require any testing.

3.2.2 Test Planning

Major items facing the planning of the study of the SSR
antenna rotation rate constancy are the progress of the Full
BCAS design definition and the engineering model development
tasks. Timely inputs at various phases during these developments
are anticipated at the early stages in the program. More com-
prehensive results are expected by May 1, 1982 when the First
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Phase Report is to be released which will summarize the test
results, the impact assessments on Full BCAS performance, and
identify the problem areas. A detailed schedule of the tests to
be ﬁerformed and test options are given in Section 8.0 of this
test plan. '

3.3 ANALYSIS

Analyses will include the derivation of results from the
field measurements, analysis of mathematical models, design of
algorithms, and computer simulation.

3.3.1 Mathematical Analysis

Total dyrnamic yaw moment may produce non-uniform SSR rotation
of the antenna when it is subjected to environmental changes.
All components o. the total yaw moment under dynamic conditions
contribute in varying degrees. A colocated ASR-8 antenna and
SSR antenna simulation model is shown in Figure 9 . It consists
of three major subassemblies-

Induction Motor,
Gear Train, and

ASR-8/SSR Antennas.

|-

COLOCATED
TEMM T T
wo——p»]  INDUCTION ﬂ, cEar-pox- | SAg]  ASRE SSR
MOTOR ASSEMBLY
THE SAME
PEDESTAL

FIGUPE 9.ASR-8/SSR ANTENNA SYSTEM SIMULATION MODEL
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The S5-hp induction motor rotates the ASR-8 and SSR antennas
at 15 rpm under all weather conditions. A typical ASR-8 site
installation will have two induction motors, however the test
site selected at TRBTF site has only one S5-hp induction motor
and, therefore this site represents a typical ASR-7 site.

3.3.1.1 Induction Motor Equivalent Circuit

As equivalent circuit of the induction motor is shown in
Figure 10.

FIGURE 10. EQUIVALENT CIRCUIT OF THE INDUCTION MOTOR

Using mathematical expressions and substituting the given
motor parameters, the following equation of #®0“ion ¢5u: be derived
for the electromagnetic torque to be generatsd for the system.

d?e,, de,,
o = 7 "Bt Tsa
TEMM = Electromagnetic motor torque
JM = Viscous damping
TSA = shaft torque applied to antenna = Jo + TWD

o
"

Antenna Torque

+

Yaw torque due to wind variation
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3.3.1.2 Gear Train

The gear train reduces the speed of the drive shaft of the
antenna by an 1800:15 ratio, where

é = BM/n

Tsa

n/TSM

and 6, 8, and 8 represent the displacement angle, angular veloc-

ity, and angular acceleration for the antenna and GM, éM’ and @

M

represent same parameters for the motor, TSA and TSM are the
torque for antenna and the motor respectively, and n is the gear

ratio.

The other components of the yaw torque are,

1.

Wind velocity induced torque,

M, = Fp %g - g |cosg]

Fp is the dynamic drag force, Fp = 1/2p ve CpHW

p is the density of air
v is stream velocity

CD is the drag coefficient, which varies with icing
conditions

H and W are height and width of the antenna

w is the reflector rotation rate

Offset induced torque, Mo = FDb sin(cosB)

b = 1.5 feet

Inertia induced torque, MI = IM (Aw), (ft-1bs).

IM is the mass moment of inertia
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4. Friction torque, T, = 100 ft-1bs for ASR
2w
RE "Fanning" torque, MF = 2p CDw 7 H

6. Feedhorn induced torque, My =3a (A x d) sing(ft-1bs)
2

qQq=1/2 p v CD
vg net wind velocity on the effective area of the feed-
horn

d is distance to feedhorn
A is effective area at distance d

Then the total dynamic yaw is:
Myaw = My * Mg * Mp + Mg + Mg + My

= Temm

Figure 11 is a mathematical model developed for the ASR-8/
SSR antenna system to be used in analysis. All parameters for
this study are the actual values at the test site. The wind-
induced torque with ice or heavy rain conditions is the most
significant one for this study. A typical graph showing the
relative contribution of each torque is given in Figure 12 . It
is desirable to test antenna rotation speed at 15 rpm and at wind
speeds of 85 knots. Estimates predict that the peak torque in
winds of 30 knots is about 50 percent of the peak wind torque in
winds of 85 knots. Parametric studies may be performed for esti-
mating drag coefficients to match field test results.

Performance obtained from the field operational measurements
will not be adequate to define the cause of the problem for two
reasons: (1) probably not all limiting environmental cases can
be obtained from a few selected sites, and (2) speed variation is
due to the composite effect of numerous factors which may not be
identifiable from the data collected in the field. To overcome

this limitation, mathematical analysis and simulation will be used
to enhance field measurements.




1

3.3.2 Simulation

Parametric evaluation and trade-off studies will be made
using computer simulations to synthesize the total dynamic yaw
moment and its effects on the antenna rotation rate. To achieve
this, the equation of motion must be developed so as to include
dynamics of the drive motor, gear train, and antenna, which are
subject to the wind and other torque effects. From the parametric
study, the significance of the wind component, backlash, and
inertia will be determined. Proposed design modifications will
be introduced and simulate operation of the modified system.

A typical simulation result is shown in Figure 13A, It may
be compared with the actual data measured in the field, Figure 13R.
Nonlinearities were omitted in this simulation, which shows poér
agreement with the measurements except for the amplitudes of the
yaw moment, which agree satisf;étorily.

3.3.3 Preliminary Data Analysis

A rate of change of SSR antenna rotation as computed from
the mathematical model is shown in Figure 14, 15, 16, and 17.
Preliminary analysis is used to compare derived data with measured
data at a wind velocity of 15 mph.

The results are as follows.

Wind velocity 15 mph -- 15 rpm is reduced by 2.9%, computed
for 70° change in antenna
pointing direction.

15 rpm is reduced by 0.7%, measured
for 45° change in antenna
pointing direction.

SSR antenna rotation rate changes predicted at higher wind vel-
ocities using the same mathematical model are as follows,

- 30 mph - will produce 3.3% reduction in rotation rate

97.8 mph (85 knots) - will produce 22.2% reduction in
rotation rate.

There are no data to verify these predictions.
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INITIAL CONDITION TETA=0 DTETA/DT=0 FOR T=0

"V (M/HOUR)= 0.0 PSI(DEG)= 0.0

100.00

80.00

60.00

40.00

DTETA/DTY

20.00

0.00

0.00 200.00 _ 400.00  600.00  800.00  1000.00
TETA

FIGURE 14, COMPUTED SSR ANTENNA ROTATION RATE
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INITIAL CONDITION TETA=0 DOTETA/Dl-=. “=0

1 " VIM/HOUR)= 15.0 PSI(DEG)= 0.0
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FIGURE 15. COMPUTED SSR AMTENNA ROTATION RATE
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INITIAL CONDITION TETA=0 ODTETA/DT=0 FOR T=0

v (M/HOUR) = 30.0 PSI (DEG)= 0.0
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FIGURE 16. COMPUTED' SSR ANTENNA ROTATION RATE
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INITIAL CONDITION TETAR=0 ODTETAR/DT=6 FOR T=0

VIM/HOUR)= 97.8 PSI(DEG)= 0.0

100.00

NN

80.00

60.00

(=]

°

.00 200.00 400.00 600.00 800.06  1000.00
TETR

FIGURE 17. COMPUTED SSR ANTENNA ROTATION KATE
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A corresponding variation also occurs in the Yaw Moment and
is shown in Figures 18 and 19.

-,

3.4 IDENTIFICATION OF ALTERNATIVE DESIGNS i

From the analysis, collected field data, and simulation
results, the most promising alternative designs will be evaluated !
by parametric studies and identified for additional evaluation i
in the field '
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INITIARL CONDITION TETA=0 OTETR/DT=0 FOR T=0

V(M/HOUR)= 15.0 PSI(OEGI= 0.0
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FIGURE 18. COMPUTED SSR ANTENNA YAW MOMENT
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! - INITIAL CONDITION TETR=0 DTETR/DT=0 FOR T=0

V(M/HOUR)= 97.8 PSI(DEG)= 0.0
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FIGURE 19. COMPUTED SSR ANTENNA YAW MOMENT
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4. TECHNICAL APPROACH

4.1 DEFINITION OF TASKS

The basic approach used to determine if the SSR antenna
rotation rate is stable enough to support FULL BCAS operation,
will be the analysis of the measurements collected in the field
and of the mathematical model of the antenna system. If it
is not stable enough then approaches for improving the rotation
rate stability will be identified., The total effort will consist
of two parts. ’

1. Perform field measurements at selected sites by
collecting SSR antenna rotation measurements under
different service conditions.

2. Analyze the collected data, identify service conditions
for which Full BCAS performance would be acceptable, and {
predict performance degradation outside those limits.
Perform analysis and simulation studies for the whole
range of service conditions as specified by FAA. Then
on the basis of these analyses, .the measured data, and
the simulation, identify alternatives which will meet
requirements over the full range of operational condi-
tions. Using mathematical models and computer simulation,
perform parametric studies of the alternative designs.

Under the proposed measurement method, antenna rotation rate
variations will be measured between the two pulses of each
Azimuth Change Pulse (ACP) pair (4096ACP pulses per revolution)
and will be compared with wind characteristics measured at the
same time and sampled at 54 ACP pulse intervals.

All analysis is being performed at TSC, using a DEC-10
computer, Data reduction software and mathematical models and
algorithms to conduct simulation analysis are also being developed
at TSC. (For R&GD computer programs see Appendix B.)
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4.2 MEASUREMENT TECHNIQUE (Figure 20)

The azimuth change pulses (ACP's) and azimuth reference pulses
(ARP's) are received from the SSR's antenna system [Antenna-
Azimuth-Range-Timing Unit (AARTU)] as shown in the Test System
Block Diagram, Figure 21, Intervals between successive ACP's will
be measured by counting clock pulses from the 1 MHz system clock.
These counts, together with antenna position data, will be recorded
on magnetic tape. Concurrently, wind speed and direction will be
measured. The data will be written on magnetic tape in logical
records of 64 bytes each; 32 logical records of 2048 bytes written
by the Kennedy recorder on 9-track standard magnetic tape at a
density of 1600 bpi.

4.3 INPUT SIGNALS

Azimuth Change Pulses (ACP's) originating in the Antenna-
Range-Timing-Unit (AARTU) (Figure 21) already processed by the
Azimuth Pulse Generator (APG) Shaper Assembly (Figure 22) and
accessed through a BNC connector at the antenna sight are fed
into the SSR Antenna Computer Assembly at a rate of 4096 ACP pulses
per revolution. A counter counts the number of clock pulses from
an internal 1 MHz clock between successive ACP's and the total
count, modulo 256, is entered into the computer on an interrupt
basis as an 8-bit number (see Figure 23).

Azimuth Reference Pulses (ARP's) are generated like the ACP's,
except at a much lower rate - one pulse for every 4096 ACP counts.
The ARP pulses are made to coincide with one of the ACP pulses
and provide information on antenna zero crossings thus indicating

the completion of a full revolution.

Weather Data Wind speed and direction data are received
serially on two independent channels and are entered into the

computer under interrupt control.
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4.4 OUTPUT DATA

The output will consist of clock pulse counts (approximately
1000, given modulo 256) between each pulse of an ACP pair and of
formatted wind data written on a magnetic tape. The magnetic tape
recorder will be able to collect 7 hours of test data on a 10.5
inch (2400 feet) reel of tape in standard 9-channel format at 1600
bpi. )

4.5 RECORDED DATA FORMATS

The logical record (see Figure 24) will contain, in order:
The record sequence number (binary, 2 bytes).

Wind direction in degrees from magnetic north, given as three
decimal digits, expressed in binary, one per byte.

Wind speed in statute miles per hour given as three decimal
digits expressed in binary, one per byte.

Antenna direction, given as a count of ACP pulses since the
last ARP pulse (binary number in two bytes).

Fifty-four (54) consecutive bytes, each giving the clock count
between a pair of successive ACP pulses. The clock count is
given modulo 256 as an 8-bit binary number. If n is the count
of ACP pulses since the last ARP pulse, then the first clock
count will be the interval between the n-th and n+lst ACP
pulse, the next for the interval between n+lst and n+2nd,

etc. The ACP pulse coincidence with the ARP pulse is con-
sidered to be numbered zero.




Byte # - Content
1 consecutive logical record #, byte 1
2 consecutive logical record #, byte 2
3 wind direction, 100's of degrees
4 wind direction, 10's of degrees
5 wind direction, degrees
6 wind speed, 100's of mph
7 wind speed, 10's of mph
8 wind speed, mph
9 ACP count since last ARP, byte 1
10 ACP count since last ARP, byte 2
11 clock period count
12 clock period count
|
L4
\J
’
t
t
*
\j
\j
64 clock period count
FIGURE 24, LOGICAL RECORD STRUCTURE ON DATA TAPE
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5. DESCRIPTION OF THE TEST

5.1 "UNIT UNDER TEST

Figure 25 shows the SSR site under test with an Open
Array colocated with the primary radar (ASR-8) antennas. The test
site selected is the FAA Technical Center's Terminal Radar Beacon
Test Facility (TRBTF) site. Of the two 5-hp induction motors used
in the system, (a typical ASR-8 site installation), only one motor
is being used at the TRBTF site for driving the antennas. Therefore,
this site represents a typical ASR-7 site installation, which is
of primary interest for this study.

5.2 TEST EQUIPMENT

The SSR antenna rotation rate measurement test equipment
assembly is shown in Figure 26, The assembly consists of the
following units:

1. Anemometer, VA-320 with digitized output and 140-foot RF
cable; mounted on the pole close to the Open Array under
test.

2. Kennedy digital tape recorder, Model 9100-3, with
. accessories - rack mounted

3. SSR Antenna Test Computer Assembly - rack mounted
INTEL SBC-905 Board - rack mounted
INTEL SBC-80/20 Board - rack mounted
INTEL SBC-116 Board - rack mounted

A simplified block diagram of the test set-up was shown in
Figure23 which als. shows the hardware and software interfaces and
data extraction.

5.3 SSR TEST COMPUTER ASSEMBLY

The Computer Assembly for the SSR test consists of three INTEL
Single Board Computer Assemblies modified to process input signals

- 5-1
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and the sampled output data. An Input Data Counter Schematic in’
Figure 27 shows interconnections of INTEL SBC-905 and INTEL
SBC-80/20, as well as all input and output signals of ACP, ARP
and wind velocity and wind direction signals.

5.3.1 INTEL SBC-905, Input Data Counter

The SBC-905 consists of two major circuits, the Azimuth Change
Pulse (ACP) logic and the Azimuth Reference Pulse (ARP) logic.

ACP_Logic. The ACP pulse (BNC on Front Panel) is connected
to a 74Cl4 (Ul) on pin #1. The 74Cl4 (U-1) is a high-impedance,
input-inverting amplifier used to isolate the input from the
radar system during power shut-down. Since the 74Cl4 is an in-
verting amplifier its output pin, #2, is connected to a 74LS04
(U2A) inverting amplifier on pin #1 which makes the ACP pulse
positive logic and TTL compatiple. The output is pin #2 which is
connected to a 74S74 (U3A) pin #3, which is an Edge-Triggered Flip-
Flop. This Flip-Flop is so configured that the Preset and Clear
are tied through 10k-ohm resistors to the S5-volt power. The J
output is tied to the D input so as to have complementary Q and
Q outputs.

The Q output, pin #5, is connected to pin #1 of a 74084,
which is a 2-input positive AND gate. The other input to this AND
gate, pin #2, is connected to a 1 MHz signal source.

1 MHz Signal Source. The 1 MHz signal is derived from a 4 MH:
crystal oscillator. The 4 MHz crystal oscillator is a standard
configuration for an oscillator using a 7404 (U9). The output pin
#6 is connected to pin #1 of a 7493 (ul0), which is a 4-bit binary
counter, configured to be a "divide-by-4" counter. The output
pin #8 is connected to pins #2 and 5 of U4.

The output pin #3 of the U4A is the ACP pulse with the 1 MHz
signal superimposed on the peak. This signal is connected to pin
#14 of "Counter A," consisting of two-74793's (4-bit binary
counters) so configured as to create an 8-bit counter, US and U6,
This is done by connecting pin #11 of US to pin #14 of U6,
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Pin #12, the output, is connected to pin #1 to create a 4-bit
ripple-through counter. The same configuration applies to U6,
which completes the 8-bit counter.

~The resetting of Counter A is done by connecting, F-1, pin
#22 (bit #1, Port C, 8255 #1) of the SBC-80/20 CP4 board to
1-D(74C14) pin #9, 1Its output pin, #8, is connected to U2-D
(74LS04) pin #9 and its output pin, #8, is connected to pins
#2 and 3 of U5 and pins #2 and 3 of U6.

The use of Ul-D, U2-D, which are inverting amplifiers, are for
buffering the 8255 #1 (C-MOS) to the U-5, U-6 (TTL) counters.

The Q output pin, #6, of U-3 is connected to pin #4 of U-4,
which is a 2-input positive AND gate, the other input to this AND
gate, pin #5, is connected to a 1 MHz signal source at pin #2.

The output pin, #6, is connected to pin #14, of U-7, Counter
B. Counter B is configured the same as Counter A, The reset for
Counter B is derived from the SBC-80/20, J1 pin #24, (Part C,
Bit-¢ of the 8255 #1). This in turn is connected to U-1lE; pin #11,
(C74C14). 1Its output pin, #10, is connected to U-2E pin #11,
(C74L504) and its output pin, #10, is connected to pins #2 and 3
of U-7 and pins #2 and 3 of U-8.

The use of U-1E, U-2E, which are inverting amplifiers, are for
buffering the 8255 #1 (C-MOS) to the U-7, U-8 (TTL Counters).

ARP Logic. The ARP pulse (BNC connector on Front Panel) is
connected to U-1B, pin #3 (74Cl4) which is a high impedance,input
inverting amplifier used to isolate the input from che radar sys-
tems during power shut-down.

The output, pin #4.of U-1B is connected to U-2B, pin #3,
(74LS04) an inverting amplifier which makes the ARP pulse positive
logic and TTL compatible. The output, pin, #4, is connected to
U-11D, pin #9, an inverting amplifier, to create a negative logic
pulse output.

U-11D, output pin #8, is connected to U-3B, pin #10. U-3B is
a D-type,Edge-Triggered Flip-Flop, and its' pins #11 (C input) and
#12 (D input) are tied Low (Ground). Pin #10 is the preset input
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and pin #13 is connected through a 10k-ohm resistor to High (+5V)
Pin #13 is also connected to the output, pin #6, of U-2C which is
a reset pulse from the SBC-80/20 board, C8255 #1, Part C, J-1 pin
#20.- It is then connected to U-1C a 74Cl4 pin #5. The output of
U-1C, pin #6 is connected to U-2C pin #5, 74LS04., U-1C and U-2C,
are used as buffers for the SBC-80/20, 8255 #1 (C-MOS).

The output of U-3B, pin #9, is connected to the SBC-80/20
board, J-1, pin #34, which is in the Port A, (bit 7) of the 825§
#2, (Test pin #11).

The output of U-3A, pin #5 is connected to the SBC-80/20
board, J-1 pin #2, which is the Port B (bit 7) at the 8255 #2,
(Test point #13).

U-11, a 74LS04, is used as an inverting amplifier-buffer for
the digital output of the anemometer wind speed which is C-MOS.
The significant digit of wind speed (C¢) is connected to U-11A
at pin #1. The output of U-11A is pin #2 which is connected to a
U-12, 432 (2-input positive-OR gate) at pin #1 (1A). The next
significant digit, Cl, is connected to aU-11B at pin #3. The out-
put of U-11B, pin #4, is connected to pin #2 of the U-12 (1B)
which creates an output at pin #3 (1Y). (Positiv. Logic:

Y = A+ B)., Pin #3 of U-12(1lY) is connected to pin #4 (2ZA) of
U-12. The least significant digit, C2, is connected to U-11C at
pin #5. The output of U-11C, pin #6, is connected to #9 of the
U-12(3A). Pin #10(3B) is connected to ground, this creates an out-
put at U-12(3Y) pin #8., Pin #8 of U-12(3Y) is connected to U-12
(2B) pin #5 to create an output at U-12(2Y) pin #6. Pin #6 is
connected to connector, P-1, pin #42 (interrupt Routine #1), which
is connected to, P-1, pin #42, of the SBC-80/20 board.

The most significant digit of wind direction (CO) is connected
to U-13 (2-input positive-OR gate) at pin #1, digit of wind
direction (Cl) is connected to U-13 #2(1B) which creates an output
at pin #3(1Y). Pin #3 of U-13 is connected to pin #4(2A) of U-13.
The least significant digit of wind direction is (C2) connected
to U-13 pin #9(3A). Pin #10 of -13 is connected to ground. This
creates an output at U-13 pin #8(3Y). Pin #8 is connected to U-13
pin #5(2B), this creates an output at U-13 pin #6(2Y).
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U-13 pin #6 (interrupt Routine #2) is connected to J-1 at
pin #39., J-1 pin #39 is connected to J-1 pin #39 of SBC-80/20
board.

?ower Supply

The power supply and the wiring diagram are shown in
Figure 28,

Power
OoN/oFF Puse  Lesp
m. W e B0, ot t

(] GREEN Intel
£="g =
= uw SLACK Ssck Black Slack Low Sewply

- -

Red 12V o

12v OC Te Burr-
Pack Pover Srown THMS-2S
’ Sepply |e

FIGURE 28. POWER WIRING DIAGRAM
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Test Points

The following test points are located at socket U-14, at
pin #:
TP1 + TP16 = +S.0=!L_ﬁVcc)
TP8. + TP9 = Ground
TP2 = Reset Counter B (U7, U8) see waveform #
TP3 = Reset Counter A (US, U6) see waveform #
TP4 = Reset ARP (U3B) see waveform #
TPS = Qutput of Counter A (USB) see waveform #
TP6 = Qutput of Counter B (U7B) see waveform #
TP7 = ,
TP10 = 1 MHz Clock (U2F) see waveform #
TP1l = SARP see waveform #
TP12 = BACP see waveform
TP1l3 = Gate see waveform
TP-14 = ARP see waveform
TP-15 = ACP see waveform

#
#
#
#
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SBC 80/20, MICROPROCESSOR, I/0 ASSIGNMENTS

SBC 80/20 board: 1I/0 Assignments See Figures 29 tc 34

8255 #1 (port adr OE4H) PORT A:
INPUTS
DO-D7 is counter A DOQ-D7

(port adr OES5H) PORT B: (INPUTS)
DO-D7 is counter B DO-D7

(port adr OE6H) Port C:

b0=Counter A reset pulse; 1 = reset
blsCounter B reset pulse, 1 = reset

b2=x-floop-

b3=x

b4= main loop test flag
bS= ACPINT test flag
b6= SPINT test flag

b7= DRINT test flag

8255 #2 (port adr OE8H) Port A: (Wind speed inputs)

b0-b3 is 4 bit BCD, b0=LSB
bd4= CO0 pulse, speed,l=TRUE
bS= Cl pulse, speed,l=True
bé= CZ pulse, speed,l=true
b7= ARP input,1=ARP

(Port OE9H) Port B: (Wind direction, inputs)
b0-b3 is 4 bit BCD,b0=LSB
b4= CO pulse, direction, l=True
bS= C1l pulse, direction, 1=True
b6= C2 pulse, direction, 1=True
b7= Counter B RSAD=1l

(Port OEAH) Port C: (Status inputs)
8259 INPUTS:

IR0O-Positive-going ACP pulse, not divided
1R1-Speed C0,C1,C2, OR'ed, positive pulse
1R2-Direction C0,C1,C2 OR'ed, positive pulse

IR#-IR7 should be disabled (grounded)
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Jumper Wire List for SBC-80/20 Board

Location

A20
A21
AS
AS
AS
AS
A6
A6
A6
A6
All
All
All
All

Al2
Al2
Al2
Al9
Al19
Al9
Al9

Pin # to

51
70
1,2
4,5
12,13
9,10
1,2
4;5
12,13
9,10
1,2
4,5
12,13
9,10
1,2
4,5
12,13
9,10
27,28,29,30
43

44

45

Pin ¢

(GND.)




Interconnection Wiring
SBC-905 to SBC-80/20

SBC-905 SBC-80/%%

Connector Pin # Connector ‘ Pin #
PCC-1 2 J-1 2
PCC-1 . 4 Jel 4
PCC-1 6 J-1 6
PCC-1 8 J-1 8
PCC-1 10 J-1 10

PCC-1 12 J-1 12
PCC-1 14 J-1 14
pPCC-1 16 J-1 16
PCC-1 20 J-1 20
PCC-1 22 J-1 22
PCC-1 24 J=-1 24
PCC-1 34 J-1 34
pPCC-1 36 J-1 36
PCC-1 38 J-1 38
PCC-1 40 J-1 40
PCC-1 42 J-1 42
PCC-1 44 J-1 44
PCC-1 46 . J-1 46
PCC-1 48 J-1 48
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]

Interconnection Wiring
Anemometer to SBC-905 and SBC-80/20 {

Rear ‘Panel SBC-905 ]
Anemometer DB-25 Pin # Ux-1 Pin # ’
P1 1 UX-1 1
P1 2 UX-1 2
P1 3 UX-1 3 |
P1 4 UX-1 4
P1 5 UX-1 5
P1 6 UX-1 6
P1 7
P1 8 SBC-80/20 J-2 Pin #
P1 9 J-2 48
P1 10 J-2 46
P1 11 J-2 44
P1 12 J-2 42 :
Pl 13 J-2 16
P1 14 J-2 14
P1 15 (GND) J-2 12
J-2 10
SBC-905 UX-1 Pin # GND
UX-1 16
UXx-1 15 SBC-80/20  J-2 Pin #
UX-1 14 J-2 40 y
Ux-1 13 J-2 38 4
UX-1 12 J-2 36
UX-1 11 J-2
' J-2
J-2
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SBC-905
P-2
P-2

SBC-905
P-1
P-1
P-1

Interconnection Wiring
SBC-905 to SBC-80/20

Pin # SBC-80/20
1 10 J-2
2 9 J-2
Pin # SBC-80/20
41 P-1
42 P-1
39 P-1

5-20
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Interconnection Wiring

Front Panel SBC-905 Pin #

ACP - J-1 (Center Pin) Ux-1 9 'f
ARP - J-1 (Center Pin) UX-1 10 ’ i
ACP + ARP - J-1's (shell, GND.) UX-1 7,8 (GND.) |
Terminal Connector SBC-80/20 Pin # i

DB-25 Pin ¢ J3




Interconnection Wiring

Anemometer Terminal Board to DB~25 Pin #

Speed CP (MSD to DB-25 1

Speed C1 (NSD) ° to DB-25 2

Speed C2 (LSD) to DB-25 3

Direction CP (MSD) to DB-25 4

Direction Cl1 (NSD) , to DB-25 5

Direction C2 (LSD) to DB-25 6

Speed 8 to DB-25 7

Speed 4 to DB-25 8

Speed 2 to DB-25 9 P
Speed 1 to DB-25 10

Direction 8 to DB-25 11

Direction 4 to DB-25 12

Direction 2 to DB-25 13 !
Direction 1 to DB-25 14

Ground to DB-25 15




SBC 116, OUTPUT DATA INTERFACE

Interface Wiring SBC-116 to Kennedy, Model 9217B Buffer Formatter

SBC-116 (See Figures 35 to40)

Kennedy,

Connector
From Connector #, Pin # To DB-25F To DB-25M . § Pin #
J1-16 Bit @ (Form ENA) 1 1 P1-18
J1-14 Bit 1 (Write SEL) 2 2 P1-5
J1-24 Bit @ (Write Data 3 3 P1-6

Strobe)

J1-22 Bit 1 (Off Line) 4 4 P3-8
J1-20 Bit 2 (Init) 5 5 p2-4
J1-18 Bit 3 (Rew) 6 6 P1-9
J1-26 Bit 4 (EOF) 7 7 P1-8
J1-28 Bit S (EOR) 8 8 P1-7
J2-34 Bit 7 (On Line) 9 9 P3-4 ¢
J2-36 Bit 6 (EOT) 10 10 P1-3
J2-42 Bit 3 (WR RDY) 11 11 P1-11
J2-44 Bit 2 (Load Pt.) 12 12 P1-2
J2-46 Bit 1 (MEM Busy) 13 13 P1-4
J2-48 Bit # (FMTR Busy) 14 14 P3-18 1
J2-16 Bit #§ (Data Bit #) 15 15 P1-10 5
J2-14 Bit 1 (Data Bit 1) 16 16 P1-11
J2-12 Bit 2 (Data Bit 2) 17 17 P1-12
J2-10 Bit 3 (Data Bit 3) 18 18 P1-13 .
J2-8 Bit 4 ‘(Data Bit 4) 19 19 P1-14 i
J2-6 Bit 5 (Data Bit §) 20 20 P1-15
J2-4 Bit 6 (Data Bit 6) 21 21 P1-16
J2-2 Bit 7 (Data Bit 7) 22 22 P1-17

Pin # 23, 24, 25 are ground connections

A jumper wire is connected from Pin #53 to Pin #3534
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5.4 COMPUTER FLOW CHARTS

FIGURE
FIGURE
FIGURE
FIGURE

'FIGURE

41, INITIALIZATION ROUTINE

42. ACP COUNT AND ROUTING INTERRUPT ROUTINE
43. ACP COUNT LOADING AND RECORD COUNT ROUTINE
44.“FIND SPEED AND WIND DIRECTION ROUTINES

45. DATA RECORD INTERRUPT ROUTINE

5-30




L]
S
é

SET UP 8255, A2
AJBeIN; CoOUT

FIGURE 41. INITIALIZATION ROUTINE |
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FIGUPE 42. ACP COUNT AND ROUTING INTERRUPT ROUTINE

ACPANG
¢ > ACPAN




&

r-————--_———-m“" ““"“"1

|
|

SET TEST PUM ST TRT A
T )
(cme) - » (™ -8
T {
oo o | | ST W (%)
i B+A
[:i;] -
o
YA
12 . 1s
[—L AP LATOH
* - AopeTR
T INCR/SAVE
ACPCTR
RESEY ARP LATOH
________4’g”
tncR/save
T !
li; v
L]
neSEr TEST
e
NIGM 8YTE
31
W0 ACP CONT
W $TE
st rest
g
;d
"AIN

FIGURE 43_. ACP COUNT LOADING AND R.E-C(-)-I-ID COUNT ROUTINES
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FIGURE 44,  WIND SPEED AND WIND DIRECTION ROUTINES
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OVERLAYS GO HERE
TO LINK TESTING ROUTINES

@ 7

DATA - TAPDAT DATA'TO RECORDER t

WDS -+ TAPCTL SET WRITE STROBE

¢ = TAPCTL CLEAR WRITE STROBE

FIGURE 45. DATA RECORD INTERRUPT ROUTINE
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6. DATA COLLECTION PLAN

6.1 " APPROACH

The data collection flow diagram is shown in Figure 46. The
data format consists of 64 byte logical record containing the ’
clock counts for each two-pulse spacing of 54 ACP pulses (given
modulo 256) and 3-digit direct recording of wind velocity and
direction samples stored in two,1028-bit buffers each and recorded
on a 10.5 inch (2400 feet) reel of magnetic tape in standard
9-channel format at 1600 bpi with a capability of collecting 7
hours of test data.

Mathematical methods have been developed to derive statistics
from the collected data at the sites and then applied to make
inferences about these sites.

Collection of data is intended at different sites and over !
a wide range of environmental conditions as found at the sites
enumerated earlier. The details of data collection plan presented
in Section 8 of this test plan.
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READ THE
COUNTER A OR B

53

WRITE COUNT
TO TAPE
.r/ )
YES WAS
ARP
?
NO
INCR ACP COUNT
INCR RECORD BYTE
COUNT
COUNT = 54 YES ACWR
? l
WRITE TO TAPE
No L RNUM H
L RNUM L
100
NIND b
READ SPEED PORT 2 1o
STORE A DIGIT (BCD) s 0
IF READY s
NACPH
NACPL
READ DIRECTORY PORT, I
STORE A DIGIT (BCD)
IF READY JUMP MAIN

JUMP MAIN
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7. DATA ANALYSIS PLAN

7.1 PRECISION OF RECORDED DATA

Antenna Azimuth Angle. By using a 0.99985 MHz counter,
precision in measuring the time between the two pulses of an ACP
pair may be assured as follows;

360°

= -5
T % 9.87 x 10 degrees

Af°precision =

Wind Velocity. Speed constant for the VA-320 Anemometer is:

Speed Constant = 6 mm.

Using sampling rate of 52 milliseconds it is possible to sense
wind changes of
D 0.6

- = ~ t i
T * TSI Ir % U 4 ft/sec. or 2.3 mi/hr.

v =

Accuracy of wind speed measurement is * 2% full scale

Accuracy of wind direction measurement * 4° at 4.5 mph

I+

2° above 9 mph

7.2 SAMPLED DATA STATISTICS: MEAN, VARIANCE, AND STANDARD
DEVIATION -

7.2.1 Mean, Variance, and Standard Deviation

A direct measurement of the clock counts (n) is recorded in
each pulse-pair interval and a variation in the n; among consecu-
tive ACP's is interpreted as variation in the antenna rotation
speed within the revolution. It is assumed that there are no
angular variations between the ACP pulse intervals. A single
complete revolution is indicated by an ARP pulse always following
4096 equally positioned ACP pulses. Wind loading affects the
actual time to reach next ACP pulse position but not the angular
increment (0.088°) which is fixed within 360° of azimuth.




For the sample calculations of the sample mean and variance
used in the data analysis shown in Figure 47 and 48. It is the data
sampled in one logical record consisting of 54 consecutive ACP's
and in addition wind velocity and direction information. The
sample mean is defined as

m_ = n

where

n; = the remainder in the counter after 3 x 256 overflow
(modulo 256).

A mean of one revolution is computed by a?eraging the sample
means of 75 logical records.

Variations of the samples are derived by squaring the dif-
ference between two means, i.e., a mean of a single logical
record minus the mean for that revolution as computed from the
sample taken from the same revolution. .

75
2 1. (2) 2
S '7-5 m - m

igl i/ T

Standard deviation as defined here is,

;sv 'V/j

7.2.2 Sliding Window Sum Total Variations (Histogram)

A plot of additive sums ( a sliding window) sliding forward
to complete one revolution is shown in Figure 49, where 75
logical records approximate one full antenna revolution. From
these data a possible error in azimuth estimate based on an
earlier squitter reading may be derived. The error estimate is

7-2
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based on the difference between the two clock count sums converted
into degrees, thus representing a difference in azimuth between
two readings

- . 0.088°x AN
8%z * Taw0

where,

AN = difference between two sums in comparison.

7.3 A CUMULATIVE SUM COMPARISON WITH THE NOMINAL

A computer plot of a cumulative sum for one completed revolu-
tion is plotted in Figure 50. Adding of these pulses begins with
an ARP pulse time. A straight line,constant slope projection is
used for comparing actual measured data with ideal conditions.

For deriving the total sum, the clock counts between each of

4096 ACP pulses are added increasingly as follows, {
K |
Ng = 5;& ny
where,

n, = clock count between two adjacent ACPs in a partlally
1 f111ed reglster based on modulo 3.

7.4 SAMPLE STATISTICS: INFERENCES

Field test data will be analyzed to make inferences about
the SSR antenna rotation rate stability. Significance levels will
be determined between various test sites based on wind and icing
characteristics over the seasons.

7.5 CORRELATION OF DATA DERIVED FROM A MATHEMATICAL MODEL WITH
DATA MEASURED IN THE FIELD
Analytical data will be compared with the data collected at
the radar site, and extrapolated for the service ranges where
such data may not be obtainable in the field. Critical parameters
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of the system will be set and used in the parametric studies to
arrive at satisfactory fixes for the service ranges outside of
which the Full BCAS performance is not acceptable.
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8. SCHEDULES ]

A detailed test schedule is presented in Figure 51. Two major ;
factors will determine the route to be taken as testing progresses.
These factors are the preliminary analysis of the data collected

at the FAA Technical Center and the TSC in-house computer simula-
tion results. A decision will be made to either continue with

the testing at the Technical Center or to move the equipment to

one or more other sites.

The principal activities are as follows:

1. Test Plan Draft - November 1980
Final - September 1981

2. Equipment: Hardware and
Software Development and
Debugging March 1981

3. Equipment Installed, Debugged
and Operating at the FAA
Technical Center April 1981

4, Tests Continue at FAA
Technical Center December 1981
Optional February 1983

5. Decision on Testing at

Multiple Sites - November 1981
6. Defining the Problem January 1982
7. Reports Interim: February 1982 |
First June 1982
Final April 1983

The major purpose in going to alternative sites is to be
able to collect wind data for the whole operational range speci-
fied by the FAA. By extending tests at a single site, possibly
for each season, significant variations in the environmental
conditions may be encountered. This would allow reliable

8-1
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conclusions as to the acceptable operational range for that
site. Also, environmental characteristics for individual sites
may have some unique differences.
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APPENDIX A
ORGANIZATIONAL RESPONSIBILITIES {

Organizational responsibilities for the SSR Antenna Rotation
Stability Studies program are divided among ARD-240, TSC, and the
FAA ‘Technical Center, as shown in the following chart.

ARD-240

John Brennan

Y Y

TSC FAA !
Technical Center
DTS-531 - — ATC-154
Janis Vilcaus George Mahnken

ARD-240, as the sponsoring organization, has overall management
responsibility and direct responsibility for the following
specific details:

1. Obtaining access to the district sites
2. Selecting and appro#ing the test sites

TSC, DTS-531, has primary responsibility for the technical success
of the prog?ams with the following specific details:

1. Designing, building, and debugging one set of test hard-
ware and software.

2. Designing algorithms and software for data reduction and
analyses.

3. Designing mathematical models and performing parameter
trade-offs using analysis and computer simulation.




4. Selecting alternatives for improvement.
S. Preparing draft interim data report and final report.

FAA Technical Center, has coordination responsibility with District
sites, ARD, and TSC. Detailed tasks are:

1. Supporting installation at the TRBTF site and running
the tests.

2. Coordination and scheduling of tests at other sites, if
required.

3. Responsibility for supplying test equipment to the sites
and interfacing with the site operational technical
personnel.

4. Collecting and delivering field data to TSC for
analysis.




APPENDIX B

SIMULATION SOFTWARE FOR SOLVING SSR ANTENNA
SYSTEM MODEL
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APPENDIX C
SOURCE LISTINGS FOR BCAS DATA REDUCTION AND ANALYSIS

C-1 OPERATIONAL PROCEDURES
C-1.1 Procedure to Reduce Data Tapes

C-1.2 Procedure to Transfer Data Files from Prime to Scratch
Tape (PDATA)

C-1.3 Procedure to Input Plot Data onto KL-10.
C-1.4 Procedure to Run Plot Program on KL=10
C-2 BCAS Program Source Listings

C-3 Program BCASPL

C-3.1 Initialization

C-3.2 Subroutine One

C-3.3 Subroutine Two

C-3.4 Subroutine Three

C-3.5 Subroutine Four

c-1
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C-1.1 Procedure to Reduce BCAS Data Tapes and Generate Plot Files
on Prime 55U

1 Mount Magnetic Tapes on Tape Unit $
2 At User Terminal Type Underlined Sections:

3 Llogin Yutkins
Name: _?ufkin$>Password: BCAS Account #: Al700B

(Messages.....)

4 OK, Assign MTO
Device MTO Assigned

5 OK, SEG_#* BCAS

BCAS Program
(Source Program Listing, C-2.)

Tape on unit (p/1)? )4

Enter Tape Label - FT-4

Do you Wish a Dump of the Tape? Yes

Do you Want Data for Plots? Yes

Enter Max. Number of Revolutions to Be Examined. 2
Enter Any Comments (A40). Test Run

100 Logical Records
4 Physical Records

Spool FT-4 - FIN : For Tape Dump Listing
File DP-FT-4 : Contains Means Plot Data
File SS-FT-4 : Contains Sliding Sum

6 OK, Spool FT-4 - FIN
{Spool Rev 18.1]
PRTPP1 Spooled, Records: 19, Name FT-4

7 Rewind and Remove Data Tape.

c-2




C-1.2 Procedure to Transfer Data Files From Prime to Scratch Tape

1 Mount Scratch Tape
(System Utility Program)

2 0K, Magnet
[Magnet Rev. 18,1]

Option: Nrite

MTU # = §

MT File # = 1

Logical Record Size = 88

Blocking Factor = 1

ASCII, BCD, Binary', or EBCDIC? ASCII

Input File: PD-FT-4

Done... 192 Physical Records Output to Tape !

3 OK, Magnet

[Magnet Rev. 18,1]

Option: Write

MIU # = §

Mt. File # -_2

Logical Record Size = 256

Blocking Factor = 1 "
AsCII, BCD, Binary, or EBCDIC? ASCII |
Input File: SS-FT-4

bone... 1434 Physical Records Output to Tape

4 OK, Unassign MTP

Device Released.
0K,

5 Rewind and Remove Scratch Tape

C-3




| ; : | ' 1

6 OK, Logout
Yutkins Logged out at 15:27 82481

Time Used p:11 0:34 p:1p
0K,

c-4
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C-1.3 Procedure to Input Plot Data Onto KL-1p

1 Login

2 Mount MTA: PDATA/REEL1f#: PDATA/VIO: PDATA 9-TRK

BUU-BPI/WL
Request Queued
Waiting... Two C's to Exit

PDATA Mounted. MTAf12 Used
(Load Means and Variances Data File to Disk)

R TAPIN (System Utility Program)

Input Device: PDATA

Code: ASCII

CRLF in Input? No

[Block Length 89 Bytes]

Logical Record Length: 89 {
Delete Sequence Numbers? No

Suppress Trailing Spaces? Yes

Output Device: DSK
Output Filename.Ext: FT4.DMN

[Copying.]

[End of File]

[0odd Parity is Set.]
[Block Number 1#3]

(192 Logical Records, 182 Blocks Read.]
[ # Soft Read Errors] :
{p Hard Read Errors]

More? N
Exit
(Loads Sliding Sum Data File to Disk).

R TAPIN

Input Device: PDATA

(Input Mag Tape Density: 8#f, Rell ID: PDATA]
Code: ASCII

c-5




CRLF in Input? No
[Block Length 256 Bytes]

Logical Record Length: 256
Delete Sequence Numbers: No
Suppress Trailing Spaces? Yes

Output Device: DSK )
Output Filename.Ext: FT1.SUM
[Copying.)

[End of File]
[0dd Parity is Set] i
(Block Number 1436]

[1434 Logical Records 1435 Block Read.] ;
[ Soft Read Errors.] §
[p Hard Read Errors.]

More? gg
Exit
Dismount PDATA: /R i

PDATA Dismounted.

C-6




C-1.4 Procedure to Run Plot Program on KL-10

(At User Terminal Type in Underlined Sectioms.)

1

Log 3072, 541

Name: YUTKINS Password: BCAS
Mount MTA: 16 /Reelid: 2267/vid: '2267 9-TRK
800-BPT '/WL

Request Queued
Waiting... 2 C's to Exit
16 Mounted, MTAO012Z Used

Run BCAS PL

Enter Field Tape Number: FT4
(See Program BCASPL Source LIstings C-3.2-3.5)
Plotting Commencing

End of DISSPLA 8.2 - 118997 Vectors Generated in 8
Plot Frames.

End of Execu;ion
CPU Time: 1:21:98
Exit

Rewind 16:

Dismount 16:/R
MTAO012 Dismounted

X/N (Logout)

Submit, Plot to DEC-10 I/O Window for Actual Plotting
on Calcomp.




CONSOEPEPPA S PO PR ENEOPRCEPECIBUC T PO EENOE NP RAEVNERASOOOSRRSIOQEERIRTRDS

SO0 R0CORNBNEUNCR RN VRN R ANEERORVOP R ROV P RO INOESCRCONQEROECECERROETSRTY

€-2 procran scas

0000000 RNC NS RERRONE SOV RO ERNOORIEERO O AR AR PREERER00OEtenedodeeRnsas

. WRITTEN 8Y2 RICNARL YUTKINS
. SYSTEM DEVELOPHENT CORP. HAY 1S. 1981

L L e e T T L e N R T R T Y T 2 T L
SINSERT ConmaLk
WRITEC142000)
1000 FORMAT(/¢3X%y*8CAS PROGRANM WORKINGeoo®4//)
CALL INITAL
CALL CONTAB
108 CALL ROREC
IFCEQF) CALL DOAME
CALL COKFCR
CALL PPOREC
60 TO 10
EKO




BEONBPCRNCE IO RRERPOP R S NCEERNRQNITOVEPEPRRARNEIPULIRERORPERDOSOROORRRS

PP ER NP IR PN RSN e N ee e RaRAtIesesRuseTeteattsattseRune
.

. LAGELED CORMON 3LOCKS

*

L T R TR Y R T L R I T T T
.

COMMON/POCATA/IACE4932) s LRECIPRECINAUXCAUXI2S) 4 FAXREVINUPREY

.
: IA = ARRAY CONTAINING CONVERTED AND FORMATTED DATA
: PREC « PHYSICAL RECORD COUNTER
: LREC = LOGICAL RECOD COUNTER
:-- PAXREC = MAXIMIUM NUMBER OF REVOLUTICNS TO BE PROGCCESSED
:" MUMREC - NUMEER QF PEVOLUTIOKS COUNTED
: AUX = OPTIGAAL CUTPUT ARRAY
: NAUX = NUMBER OF AUX ELEMENT USED
. :
.
COMMON/TABLE/TAB(02253)
: TAB~ CONTAIAS REVERSECBIT LCOKUP TABLE
.
.

COMMON/ROATA/CNERECCEA) sRNUM qUSPCoWOIRWACP ¢ CPMAX oCPMINGCFN

CNFREC - SINGLE LOGICAL RECORD ARRAY = CONTAINING THE FOLLCMING VARIABLES
CP =~ CLOCK PERIOD COUNT ARRAY '

ANUM « CONSECUTIVE LOGICAL RECORD NUMBER

#OIR - WINO OIRECTION

¥SPD ~ WIND SPPEED (MPH)

ACP « ACP CGUNT SINCE LAST ARP

CPMAX = MAXIMIUM CLOCK Period PER LOGICAL RECORC

CPMIN MINIUM CLOCK PERIod per Logical recorc

CPM « CLOCK PERIOD MEANS

T 00 OO 90 0O BO B OEBTREREDRCOEDS

a*tee®

c-9




(R A AR R R AR A R R R A R 2 R R A A 22 R A2 22 R 2 R R IR R SRR R NS

[ ]

COMMON/PRINTO/FIRSTRADFLAGILOPYZyEOF JRECYLESFFLAGIHFLAG
BFLAG = LOGICAL CPTIUNAL DUMP TRUE.
FIRSTR « FIRST RECORD FLAG
WFLAG =~ LCGICAL YOP OF PAGE WEADING FLAE
RECYLE ~ LOGICAL FLAG TRUE= ACP COUNT RECYCLED
- FALSE= SAME REVOLUTIOM
LCPT = LOGICAL FLAG TRUE= CALL TO SuB OPTIQA
PFLAG = LOGICAL FLAG TRUE= CALLS SUB PLTCMP

ECF ~ END~QF-FILE FLAG

L 2N BN BN B BN BN Y BN BY BN BN BN BN BN BN NN

COMMON/TAPE/TAPID «CE¥HINT
. TAPID = TAPE 1D SUPPL: 8Y USER
vy COMMENT < 40 CHERTATEA 2uKAY CONTAINING USERS TAPE COMMENTS

COMMON/VARTIBU/CACP oPRINTLEYS
COMMON BUFF (182404 2UMIT

. BUFF ONE PHYISCAL UNFORMATTED RECORD
INTEGER»2 BUFFER(32+32)
INTEGERwq PRECIMAXREVINUMREVLREC
INTEGER «2 OMNERECLP(SH)
INTEGER =& NAUX
INTEGER 4 RAUMALSPOoLOIRGACP ¢CPMAXOCPNINGCFPoAUX
INTEGER»4 PRINTL
INTEGER »4 QACP
INTEGER*2 BUFFeTABsIUNIT
REAL XCPR

G

CHARACTER*40 COMMENT
CHARACTER*1S TAPID

EQUIVALENCE (ONERECL(LICPLLD))
EQUIVALENCE (BUFF(1)8UFFER(L141))

.
LOGICAL EQF¢FIRSTRILOPTIOFLAGIRECYLE oPFLAGIMFLAG
*
»
T Yy Y T T T Y T T T R e TR TR P R P PP R P P PP PP




L msema

(A2 AN R R RS2 R EARA R R AR AX AR AR A AR R ARRR AR R R Y]

LAARA R AL AR AR AR AR AR AR R 222 22 ARl Rl Al 222 RRRdXR)]}
[ ]

= SUEROUTINE CGNTAB
L]
MO LIST
SINSERT COMBLK
LIST

00000000 RE eIt IRt et ettt ttndtteteteteertttetitenedaratorenttestecesnene
FUNCTION? CREATE LOOKLP TABLE FOR REVERSED 8YTE CONVERS ION
INPUTS: CCMRMON BLOCK

CUTPUTS: COPPON BLOCK

CALLED FROM: MAIN
CALLS TC : ACNE

P00 RPN e PR IOttt It e st R eRtted i seRdreestetsentedotetenseees
ROUTINE TQ CREATE LOOKUP TASLE FOR REVERSE BIT CONVERSICNS
INTEGER*2 PuiB) oIl oNUM

L2 ] e & o 00 o208 02>

DATA Pu/Te695¢803920100/
CO 20 1I=0,2¢8%
Numsz1 {
00 10 J=1,8
I12ANDINURG (200 (y=-12))
IF(11.EG.0) €O TC 10
TABCIISTAB(I)e2e0Pu(y)
10 CONTINUE
20 CONTINUE
[+ WRITEC(202000)
C2000 FORMAT(/ 93X *LOOK-UP TABLE COMPLETED®¢/)
RETURN
END

c-11 i




()

8}

(A A A A R A A AR A AR A R R R 2 R R R AR A X S A 2 R X R R N R R R R RS YRR SRR B

VOERETCR NP ENEUNOVPOCO SRV IR RPN O PR COINUEPERRECRINNEREORSROIORESPORERD

.
SURROUTINE RCREC
.
NO LIST
SIMSERT COMBLK
LIS
A AL A A AR A A Rl R Il I 2 X A R 2 2 R A i I I R A I R R R Y R Y R YA X2 L]
.
INTEGER*2 ALT
.
A331024
ASTIGN TS TO ALT
.
c CALL 1SBMOS(04BUFFoN40)
CALL READA
.
PRECIPRECL
EOF 2 FALSE.
.
c WRITEC1:33) BUFF
C 33 FORMAT(128(/7+8(1693X)))
RETURN
o -
eee END=OF~F ILE
.
7€ CONTINUE !
.
EOF2.TRUE,
WAITEC1,2001)
2001 FOARATC/ 93X *ENC-OF=FILEY¢/)
*
RETURN
END
*

(X221 T I R L L L L R T T P T T TR R P R T L R TN
L L L T T T T T T R P T PR e
.

SUBROUTINE CONFOR

NO LIST
SIASERT COMBLK
LIeT
T T R T N e ey . -
FUNCTION: ROUTINE TO CONVERT REVERSED BIT TG FORMATTED ARRAY
INPUTS: CGMMON BLOCK
CUTPUTS: CCPMOM ELOCK

CALED FROM: MALN




o

7y

(2222 X222 X2 AR SR 2212222 AR 22222 X2 22 A RRCERZERIAERZZARNRLTREY ]}

o -CALLS T0: NGCNE

.

000008000000 eItetettetnttetesdontnetasedtestodadretoenessntet
P00 000N TR0 EIRNCRtTNeitrtitdnettiveltaueeeteeiieddeeeoedeede

INTEGER»2 nSKellel2

L tinem btk A e e o ke e e

N ;
aee PASK LOWER E-QITS
* |
nexz2s8S i
-
sew K = RECCROS a INCEX
*
) 00 50 X=z1432
[ ]
(€3 p
: 1
' 1Y J = WORD INOEX
*
00 40 J=21,432
*
(2 2] FIRST HALF
[ ]
{12RSCEUFFER (UKD 2A)
TAtLoKI2TABC]IY)
Lziel
L

vt SECOND MHALF
J2ANDC(BUFFER (JoK) o ASK)

TACLX)3TAB(I2)
Lol . 3
-
48 CONTINUE
[}
*
*
89 CONTINUE
. .
eve RETURN
L J
RETURN
L 4
END
(A2 X2 211222 22322232 40123222222 22122222 IR X222 XFY AR 2 R0
|
SUBROUTINE PROREC -
*
NG LIST
SIASERT COMBLK
LIt
0000009900000 00 CCEORR RN R RVORRANP R RORNAEPVONRTCPRECR TSRO RROOREROSEROERRY
*
* PUNCTION: SETS UP SINGLE RECORD ARRAY OPTION Oump

C-13




[ AARARREAT AR AR RN RS R A2 A2 A R R AR A2 R R R R IR SRR L)

CALCULATE MEANS AND FIND MAXs ANC MINe
CP VALUES PER LCGICAL RECORC

INPUTS? COMMON BLOCKS

CUTPUTS?: COMMON BLOCKS \
CALLED FROM: MAIN :

CALLS TO: OPTIONAL OQUNMP
CALG RCUTINE OPTIONAL CALCALUATIOMN ROLTIE

LA A AL AR L AR S RIS RZAA AR AR AL AR RSS2SR 2 Y

L L BN BN BN BN B BN BN NN BN N RN )

INTEGER®2 MLLTCI)o2IACP o IRNN
LOGICAL LASTR.EQR
OATA PULT/1004128417

eee l- LOGICAL RECCRO COUMNTER INCEX
00 S8 I=1.32

CPYANZO
CPNINsS9999 {

[4 121 ]
LRFCILREC]
XCPM=z20.0

eve Jd2 BYTE COUNTER

CO 10 Jz1.64
CNEREC(JIZTIACJI )

oee CALGLATE MEANSe FINO MINe MAX. CP VALUES

IFCJeGTo54) GO 10 10
*

CPMAXZMAXOICCNEREC(U) +CPPAX)
CPUINSHNINOCCNERECLY) oCPNIND

XCPREXCPM*ONEREC ()
10 CONTINUE
CPMZ(XCPM/SA,0)+0.5

WSPOz0
WOIR=0

c-14 :




A AAAEAAT R RS RARR R AR REAARE AR AL AA AR AR AR ARR 22 NY 2 )

see CALCULATE wIND SPEED AND ODIRECTION

00 20 K143

WOIR=WOIRS {ONEREC(S6+K) e MULTIX))

hSPDZUSPLe (CAERECESS oK) eMULTIK))

20 CONTINUE
[T FINO CONSECUTIVE RUN &

IRNNZLS (ONEREC(SS)08)
RNUNZOR CIRNMONEREC(S56))

eve ACP COUNT SIKCE LAST ARP

TACPELS(ONERECLE61)+8)
ACP=OR(IACP+ONEREC(ES))

eaw INITIALIZE CACP ON FIRST RECORD

LA CACP = PREVIOS 4CP VALUE

IF(.NOT.FIRSTR) GO TO 2%
FIRSTA=.FALSE.
CACPZ9999

2% CONTINUE

tee CHECK FOR ACP RECYCLE
tes SET HFLAG

HFLAG2.FALSE.
IFLOACP GELACP)Y HMFLAGZ,TRUE,
RECYLE=.FALSE.
IFCOACPoGELACP) RECYLE=.TRUE.

aae INCRENMENT NUMREY FOR EACH ACP RESTART
sese  SET LASTR TO TRUE WHEN NUMREY EQUALS MAX REV

EOR=.FALSE.
LASTR=FALSE,.

IF (. NOTLRECYLE) 60 TG 30
EOR3.TRUE,.
NUMREVZNUMREYS1

IFINUNREV.GT MAXPEV) LASTR=.TRUE,

30 CONTINUE
CALL OPTION

40 CONTINUF
IF(LASTR)Y GC TO 42

soe SET UP PRINTL LINE

C-15




I 2 YN XXX EESEZAARAS A AR AR RS ZEE AR RAR AR AR R ARSI RZEI RSS2 ERZ 2 )

PRINTLIL1)ZPNUR
FRINTLC2)=WDIR
PRINTL(3)=WSFO
PRINTLEMIZACP
PRIMTL(S)zCPN
PRINTLC6)IZCPNAX
PRINTLET)=CFPIN

sse CHECK OUNP FLAG

IFL.NOT.OFLAG) GC TO a2
CALL Oure
42 CONTINUE
[ )
ees CHECK PLOT CUMP FLAG
*
IF(.NOT.PFLAG) GO TO 46
IFCoNOT.EQROQRNUMREV.EQeL) GO TO 45
RFLAG= FALSE.
CALL PLTDMP
hflag=etruee
4% CONTINUE .
IF(LASTR)Y RFLAG=.FALSE.
CALL PLTON?P
46 CONTINUE
L
see SET OACP ECUAL TO ACP
*
CACPEACP

ese IF LASTR TRUE THEN ALL DONE
IFCLASTR) CALL DONE

S0 CONTINUE

*
see RETURN
L
RETURN
ENO
(TR Z XIS R AR AL A AR 2 A 222X 2 2R AR AR AR RRZXRR 2222022 22X KL 22
*
SUBROUTINE DUMP
*
NO LIST
SINSERT COMBLK
LIer
XY 2222232222 32X2R 222222 SRR 212 ZA 2R XX XRTL 2222 X2
*
L PUNCTION: PRINT A SINGLE FORMATTED RECGRC
*

C-16




(

QO

(222 XR NS NN AZ SRR ANARRA R R R AR R RIS X ]

* INPUTS: COMRON EBLOCK
° -
L CUTPUTS: LPT
°
. CALLED FORM? PRCREC
.
L] CALLS TO0 ¢ NKCNE
. .
000N RSO AN NS RN PR CPE NNt etNItePReteatettasensettestetsttnte
.
.
eee CHECK HEADING FLAG
-
IF(.NOT.HFLAG) GC TO 20
MRITEC1002008) TAPIDWNUMREVoCOMMENT
20 COKTINUE
-
SRITEC(LI002001) (FRINTLCID)oII=1eT)
.
esee FORMATS ececaee
.

2000 FORMATC(/7e1h1le/020X4*TAPE IC2 *4ALS,
AZ/+20% 4 *REVOLUTION NUMBER *9I7¢//7¢20XoA40,
B//7¢10X9 "RECCRO® s AN o *UIND? 46X 9 *WIND®,
LEXe*ACP oo TXo*CLOCK PERIOD COUNT®o/,
ALOX o *NUMBER * 94X o *OARECTION® 91X o *SPEED ",
25X e®*COUNT? /920X e *COEGREESI 41X o (MPKH)I*, 1
1SN (MEANS) *o 3 Xe*(MAXS ) sAXe*(MNINSD?/)
L ]
2001 FORMATIION 9 16eSXoI308Xe1300¢3X415))
[ ]
osefRETURN
*
RETURN
[4,1]
L
OO COOR POV TPIP PN PP PRSP RETIOCR PN O C S OPRP ARG RTEROIRNSORRSROEROOOROSORED
..".'..t..'.t."'t"'.""..'.'t."i!.'tt."t'.'t"'..'."".t"'itt"""'i'
*

SUBROUTINE INITAL

-
NO LIST
SINSERT COMBLX
LIeTY

(X212 222222222 a2 ARlsddl i sl 2 sl lX2 222X 2]

FUNCTION: INITIALIZE COUNTERS OPEN TAPE UNIT
INPUTS? COMMON BLOCKS

QUTPUTS: COMMON BLOCKS
CALLED FROM: MAIN

AR R EEEE

c-17




00O RIRSCEACRSCEUORIR ARSI VPRIV RAAVVRAENOVNI RGN RPN PORENAVOORSOOPRARRUEIRS

e« CALLS 10! NCNE

L2 1A AR 2222 R 2R AR R R ARl R R RSS2 2222222 RY2 QD]

INTEGER 2 ALY

CHARACTER®1® FNAREGJPFILESFILE

CHARACTER®4 FILE .
LOGICAL=os FILEF

tev SET RECORD COUNTERS TO 2ERD

LREC=0
PREC=0
NAUX=20
MAXREYSO
NUNREV=O

€O 2 I1=1412
AUX(II3=0
2 COATINUE

one SET FLAG DEFAULTS
CFLAG2,.TRUE.
LOPT=TRUE,
FIRSTR=.TRUE.
PFLAG=.TRUE.

' CPEN RTO

< CALL CSMOS(1,0URe040)
CALL INITY

e REWIND TAPE DRIVE
IORIVE=TIUNIT+21
REWING IDRIVE

een ENTER TAPE LAREL

2 CONTINUE
WAITELL42003)

2003 FORMAT(//+3Xe"ENTEP TAPE LABEL®9/¢10X)

READC141000) TAPIC
FNANE=TAPID
PFILES®PO_*//FNANELL212)
SFILESSS_*//FNANME(1212)
see REGUEST TAPE DQUFP REPLY

WAITEL10200)

C-18
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(2 X A R NI IRIER AR R ARAR AR A4 AR RS2 2 2SR L)

" MEAD(1+100) IRELY

oeee

IFCIRELY.EQ.,1MY) GO TO 10

OFLAGa.FALSE,

60 T0 195

CONTINUE

CHECK IF DATA QUPP FILE KAME ALREADLY EXIST
INGUIRECFILEZFNANE JEXIST=FILEF)

IFCFILEF) 6C TO 70

OPEN DISK OUTPUT FILE

CPENCLO o FILESFNAPE o STATUS=*NEWQACCESS="SEGLENTIALY,
ARECL=2132¢ERR=TYS)

REQUEST PLOT DATA DukP
CONTINUE

wRITEC(1,201)
READ14100) JREFPLY

IF(JREPLYECG.1HY) 60 TO 20
PPLAGZ.FALSE.
60 10 23
CONTINUE
CHECK IF PLGT CATA FILENAME ALREAOY EXIST
INGUIRE(FILEZPFILE oEXIST=FILEF)
IF(FILEF) GC TO 70°
OPEN DISK FILE FOR PLOT DATA GUTPUT
OPENC11+FILEZPFILE+STATUS=ONEN®¢ACCESS=*SEGLENTIALY,
ARECLZ256 ¢ERR=TS)
CHECK IF SLICE_SUM DATA FILNAME ALREAOY EXIST
INQUIRE(FILE=SFILE +EXIST=FILEF)
IF(FILEF) GC TO 70
GPEN OISK FILE FOR SLIOING SUM DATA

CPEN(ISoFILE=SFILE+STATUSS P AEN o ACCESS=*SEGLENTIAL
ARECL=80+ERR=TS)
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L2212 RXT SRR AR AN AR AR XA AR AR R ARRARARAR AR Y L]

29 CONTINUE

[ 2 2

ENTER MAX, NUMEBER OF RECORDS TO BC PROCCESSED

SRITEL102004)
READC10102) MAXREY

eese ENTER ANY COMMENTS

100
102
103
200
201
1000
1002
2004
200¢
2006

BRITE(10200%)
READC1+303) COMMENT

ERROR IN OPEN

UPITEC142006) FNAME

PRINT 1001

FCRMAT(AY)

FORNATLIN)

FORNAT(AND)

FORMATC/+3Xe*00 YOU WISM A OUMP OF THE TAPE
FORMAT(/¢3X¢*D0 YOU WANT DATA FOR PLOTS ¢}
FORMATIALS)

FORMAT(/ 93Xe *ERRGR [N OPENING FILE®+/)
FORMAT (/93X ¢ "ENTER MAX NUMBER OF REVOLUTIGNS T0 €E EXAMINEC
PORMATI/9IX o *ENTER ANY COMMENTS (AS0) *)

FORMAT(/s3Xe'FILE *9AL1S¢® ALREADLY EXISTY)

(12222222 AR RIS EA AR AR R T AR AR ARRRRZARZ22 R R 22X )
(222222222222 22Z2 2 2 R22 22 A2 AR AT AXEA A2 X222 d X2 RRdaddRllllaldladl]

SUBROUTINE CCNE

SINSERT COMBLK

CII XXX AZ T IZAEA AR LR R R 2R 2222l d2llRdl 2l RARARRARR222RD ] )

TERMIKATE PAIN




COOPB ORS00 QL PSR R PATRNAS S SO AR PRI ENACEREDECENOOR RN CROTRNORSCORSRBRASEN

" INPUTS: COMMON BLOCKS

oUTPUTS: TTY

.
.

.

»

.

L] CALLED FROM: MAIN
.

. CALLS TO:Z MCNE

.
.

GO CRP RO P TP PP R RO TR PR R PR OR RO RO SRARPPOIER YRR RROtdeRORetee

WRITE(142000) LRECPREC
AUNITZIUNIT21
REVIND NUNIT

IFC.KOTOFLAG) GC TO 25
SRITEC142000) TAFIO
< CLASECUNIT=10)

2% CONTINUE
IF(.NOT.PFLAG) GC TO SO
WRITEC1+2001) TAPLID.TAPID
CLOSE(unIT=11)
CLOSECUALIT=1D)

S0 CONTINUE
CaLlL EXIT

1000 FOPMAT(//o3Xel6+° LOGICAL RECOROS®o/o

e

i o 13X916¢% PHYISCAL RECORDS®y//)
! l 2000 FORMAT(/¢3Xo?SPOOL *9A1Se? -FTN IFCR TAPE CUPP LISTING®) !
i 4 2001 FORMATC/¢3Xe9FILE PO_®sA15,% CONTAINS MEAN PLOT DATA®4/e
] - ASKe*FILE SS_®eA1S+® CONTAINS SLIDING SUR PLGT DATA®4//)
i EnD : .
! . i
: J ...'...".‘...'..'C.'I.'.-".""....""..'.'.'....'.Q'...."'." :
POV OOETOONPORP VISR PRNR RGOS AR EANRNCUNONN OO PP RNC ROV NINODROOCBRDY :
° !
| v SUBROUTINE PLTOMP
NO LIST
- SINSERT COMBLX
LIsT

B I T D T D T T T R TP T T T PP T PR P PPPPPPPPPPPPPPPPOPN
FUNCTION: OPTIONAL CALL OUMPS DATA INTO CISKk FILE LOGICAL » 11}
INPUTS: COMMON BLOCKS

CALLED FROM: PROREC

.
.
.
e
*
L4 CLTPUTS: DISK FILE LOGICAL » 11
.
.
»
. CALLS TO * NONE

.

.

VNP BN PR IR NP RPN GO IRV ISP PR P PO P AINSIGINGEECEePECNEORR PO P POCPPOOIPRNOIRNS

c-21




L EARE AR A2 AR R AR A2 R4 Al AR R R R R 2 R R R R R S  E X R R X R X2 1}

1ICYCLE=~1111

T IF NFLAG TRUE WRITE MEACER INFO

IFLNOT . HFLAG) 6C TO 10
BRITEC1192000) NUMREVoTAPLID9COMMENT
- RETURN
sow IF RECYLE TRUE LRITE END~-OF ~CYCLE DATA

10 CONTINUE

= IFL.NOT.RECYLF)Y 66 TO 20
BRITEC11¢2001) ICYCLEs CAURCKKI 9KKZ1oNAUX)
RETURN

T SRITE OATA RECIRD
20 CONTIMUE
SRITEC1102001)(PRINTLCUII9JIZL o7 CAURCLLDoLUS=1oNALNX)
RETURN
sene FORMATS ceneee

2000 FOPMAT(1Xs17,A1%0A40) |f
2001 FORMAT(20(1XoI7))




)

O O O O

(§]

L 2 L J » ”e 9808800800080 0008900800008

C-3  PROGRAE 3CASPL

290 o8 20088 98

99N LA d v

&  URITT?EE B5Y: OAICHARD TOTKIES
®  SISTEN DRVRLONNEET COSP. BAY 15, 1941

- Y™ N g - L4 9 9 b 2 4 L 4

G-3.)] INITIALIZE PLOTIER
*
CALL GORY(*16°, *CALCOEP )

.
(1) 0PSB DATA PILIS
CALL PILOND
®
e 282D IN CCNEOB BLOCK VABIABLE
CALL BDCON
. -
"o 2820 DATA FILL FLCTTING ASRAY AND CALX PLOT BOCITER
]
CALL 1RARLT
CiLL REASIL
»
[ CLOSE DIVICES
®
CALL BONEIL
CLOSE (UnIT=20)
CLOSR (ONIT=21)
RENIWD 16
CALL BEXIT
R by 1 . o -
SUBROGTINE FILORE
E T 08 200 T sos
[ ] PONCTION: OSER INDUT PIILD TAPR NUNIRR ROOTINE
. OFEE CORRISPONDING DATA PILIS.
® TEPUTS: 77Y
. 0gTPUTS: b+ ¢4
L CAL13D FROB: BAIN
® CALLES T0: NOBR

DOUILE PREICISION APILE, SPILE

i i

&




A

-

sss
100
201

INTIGEE PILEY (2),PILB2(2)

BQUIVALRECE (PILR1(V) ,IRN)
ROUIVALINCE (PILE2(%) ,INN)
BOQOIVALINCE (PILBI(1) ,BPILR)
BQUIVALINCE (PILEZ(1) ,SPILE)

DATA PFILR1/SH .58 . taNy
DATA PRILR2/SH ! .V
CouTINOR

ACCPE PIRLD TAP: NEAIR

100 200

ACCIPF? 100, IMNW

Iun=19%

OPER NEAN DATA PILE UNIT ¢ 20

OPEN (ONTIT=20,0DEVICE="DSE* ,ACCESS=*SIQIN’,PILE=NPILE,
1R2CORDSIZE=2%36,33R=90)

0PBE SILING SUS DATA FILE URIT & 21
OPER(UUIT=21,0XVICE="DSK? ,ACCRSS= *SEQIN’ ,PILE=SFILE,

-123CORDSIZE=80,2RD=90)

RETURD
CoNTINg:

TEROR IE CrBE9

TIPR 201, DN

60 20 S

POREATS oo

PORMAT (A95)

PORBAT (/,3X,° 28122 FIELD TAPE N0HNER °¢,3)
POBBAT(/,3%,°T2RR BUBDBER ‘,AS, °NQGT PQUED?)
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... 28809000048 4908090300009 00800008 ¥8C 9 404C PR IS

C-3.2 sossourise eurons

INCLUDE *CONBLK/NCLIST®

0;0 0§0 :.....00000.'1
. 4

» 2098902900089 999 L

PURCTION: PLOT THE WEAU,AAX, BMED BIP CLOCK PYRIQD COUNTS
ALONG 9ITH WIWD SPEED ABD W¥IND DIRRCYION

INPOTS: CONNOR PLCCK
oOTUTS: FLOTTER
CALLED FucCH: REIPLT
CALLS TO: FOWE

- ad * -0 a Py -~

IFZIGER IFKIAY (40}

ISITIALIZE LEVEL CER

CiILL BGEPL(FPLOT)

SBET LITTINING STYLR

CALL TRIPLX

CALL BISALP? ('STAUD®)

CALL 8IXALP('L/CST¢)

SET P2GE SIZE T0 11, BY 8.5 1ED PLOT AREL 70 8.0 BY 5.9
CAlL PEYSOR {2.75,1.00

CALL PAGR(11.,8.9)

CALL TITLE(0.,0.,.1R1L28,100,0,0,8.,5.9)

SET 8XTRA TICRS PER STEF? C¥ I-AILS INTEGERIRE ALL Y -AXIS
RORERPING AORIZONTAL

CALL ITICES (S)

CALL TITICKS ($)

CALL TAIANG (0.0)

CALL INTAZIS

SET GRACE ¥ARGIT 70 0.0 ARD SET SCALIRG PARAZETERS

CALL GRACZ(0.0)
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ceeene
3

i.i' [ ]

.i‘.

CALL GRAF (LRSV,LASTP, LBV ,CPSY,CPSTR,CPEY)

DEAR A GRID LINE ZVERY OTHSR ST3P IN THE X DIRECTICH

Ciil 6RID¢=2,0)

CEABGS YO DOTTED LINE HCDR, DRAW GRID LINE BVERX STRP 1IN X DIR,
CALL DOY

CALL 611D (1,0)
CALL RESET({'DOT")

ST T-AZIS SCALE fOR ACP COONT PLOZS

CALL TGRAIS (CPSY,CPSTP,CPRY,5.%5,CPALAS,Y 00,0.0,0.0)
DRAN NEAN OF REYVQLUTION LINE

CALL BLVEC (0. ,82438,7 5. 0,22003,0)
SET ERIGET OF CURYE MARKERS
CALL SRIGET (0.07)

PLOT CPEEAR CPHAX,CPHIN
CALL CURVE(LR,CTNIAN,2PT,S)
C3LL CURVE(LR,CPHAX,3PT,S)
CALL CURYR(LR,CPNIN,IPT,S5)

PLOT POIFTS WIED SPEED
CHANGE LINE BODZR

CALL cEEDnC?

CALL CORVE(LR,USPD, NPT, 25)
2107 SIFD DIRBCIICY CURYE
CEABGE LIBR 8CDI

CALL CRuDSE

CALL CURVE(LR,NCIR, NPT, 25)

23317 A%14GET
CALL BESET(EEIGHT?)

SNIF¥? I-OBXGIN B1CK 1.5 INCERS TO DBAW SECCNDARY
T=135IS 70B NI3D SPEED

C-26
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L v e A

CALL BS2IFT(~0.0,0.0)

[ ®
ses NAKZ TICK NARKS RVERY $ STRP
]
- CALL YTICKS (S)
L ]
- sse SET ERE Y-ALIS SCALING FOS WIND SPEID
L ]

CALL YGRAZIS (USSYV,ISSTP,USEV,S5.5,¥30L40,100,0.0,0.0)
L and SRIFT I-A1IS BACK TC -2.0 INCEES YOR #IND DIRECTION AXIS

- * CALL BSEXPT (=1.6,0.0)
) :u SE? TICES HARK EVIRY 9 STIRS
‘ = ° CALL YTICES (9)
~ :o- SXT BEY Y-AXIS SCALING FOS 9IND DIRECTION
N ¢ CALL YGRAZS (WDSV,UDSTP,UDRY,S.$,904118,100,0.0,9.0)
f - Ea PACE LINES POR LEGEND
: . JeLINES? (IPXRAY,80, 10)
' IP(J.LT.5) TYPE 22, J
. 22 POREAT(® LEGIED 13R0R J= *,I3)
.i = ov PACE LINES

! . s CALL LINRS(°NEAES CPS°,IPKRAY,1) !
. CALL LINES(°'NA3. CP$',IPKNAY,2)
. T CALL LINES(*BIN. CPS*,IFKEAY,I)
- CALL LINES(°WIND SPDS$*, IPERAY,N)
CALL LIVES('UIND DIRS®,IPKRAY,S)

(@)

; L ]
{‘ k.; ..
ee PINC NIRGET AND SIDTH OF LEGENC AREA
]
IVID=ILRGED (IPKBAY, 5)
YEGT=YLEGUED (IPERAY, S)
®
- s FYED CORDINATRS OF LEZGEWD
) ®
! ILC=8,0+1.6~X81D
é - TLC=8, 5~IBGT-. 5
! s
; - L aad DEAR LEG2ND
g ]

CiILL LEGEXND (IPKRAY,S,XLC,6.0)
hdad DRAS LZGENDS

- CALL HESSIG (N¥2S8S1,100,0.0,7.0)
CALLl BESSAG (NRSS2,100,0.0,6.9)
CALL HESSAG (ARSS) 0100 '° oov‘. °'

P Ll
{

afe
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(80 ]

c-3.3

S e

END=-OF-PLOT
287008
CALL REDPL(O)

RETORY . i
T

SU8300TINE PLITEC

:

INCLULE *COBBLK/NQLIST®

PUNCTION: PLOT YARIANCE ABD 8RN Of RIVOLUTICE
Ip0TS: CONBON RLCCK

00TPUTS: PLOTTIER

CALIED PECH: SBAPLY

Ci113s 70: 3ONER

"1

o 298009944800030830808 08

e

INTEGER IPKRAY (80)

ISITIALIZE LEVEL GBS

CALL IGRFL(EPFLOT)

SE? LETTERING STTIR

CALL TRIPFLX

CALL BASALP (*STANRD’)

CALL SIZALP(°L/CS?Y)

SET PAGR SIIE 20 11, BY 8.5 ASD PLOT AREA 70 8.0 BY S.5
CALL PBISCR (2.75,1.0)

CaLL PAGE(11.,3.95)

CALL TI2LE (0. ,0.,LRALAB,100,0,0,9.,5.5)

SET RITRA TICES PER STRP C¥ X~-AXIS INTEGERIZZ ALL Y -AXIS
SUREEEING EORIZONTAL

CALL ITICES (%)
CALL YTICKS (5) j
CALL TAXANG (0.0) 1
CALL INTAIS :

SBT G2ACE NAIGIE 70 0.0 :AND SE? SCALING PARAENRTESS
CALL GRACZ(0.0) '
CALL GRAP (LESY,IRSTY,LREY,VARSY,VARS?R,VAREY) !

DRAW A GRID LINE EIVERY CGTEER ST3F IN THE X DIRECTION
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(@]

[

< CALL GRXD§~2,0)
*
oo CHEANGE 70 DOTTED LINE HCDE. DNAS GRID LINE EBYERY STRP IN X DIR..
[ ]
CALL DOY
CALL GRID (1.0
CALL BESET('DOT?)
L ]
L 113
*e09
2089
]
L] SET Y-AXIS SCALR FOR ACP COONT PLOTS
.
CAIL YGIAIS {VARSV,YARST2,VAREV,S.S,VARLAB, 100,0.0,0.0)
see DRAW BEAE OF BRVOLUTION LIBE
CALL BLYEC (0. ,A323R,75.0,85A8%,0)
L
() STT SRIGNT QP CORVE NARKRES
L ]
CALL HBIGET (0.07Y
. -
t
L ]
s PLOT VARIANCE
*
CALL COBVE(LR,VAR, NPT, 1)
®
ose 2ESET BRIGAT .
®
CALL RESET('NEIGET')
[ ]
[
L
ses DRAE BSESAGESS
CALL NESSIG (#ESS1,100,0.0,7.0)
CALL BESSAG (¥2$52,100,0.0,6.5)
CALL EESSAG (N2533,100,0.0,6.0)
E
]
L ]
sse SW0=-0F~PLQT
L
soe RETURD
L ]
CALL Z¥BPL(O)
RETURE
D
C-3.4 SoBROUTINY PLTIIX
’ ISCIOLR *COBBIK/NOLISTS
. .o . .
. PUNCTION: DERIVE DEVIATICS PSC2 THE NONINAL
. SOM CLOCK PULSE NONDES PROB 1 TO 8096




P USRI Nt e T, o - - phy

INPOTS: ConMOD BLCCK
OUTIUTZS: LOTTER
CALLED Mca: RIAPLY

CALLS t0: RONR
» ese sss00 "0 0e ses e

4
4
[
[

TNTIGER IPKRAY (80)

INIZIALIZE LEVEL CNB

CALL BGERL(EPLOT)
SET LRTTERING STYLE

CALL TRIPLX ’

CALL BASALP ¢'STAND*)

CALL MIXALP{*L/CS2°)
®
bbad SET PAGE SIZE TO. 1. BY 6.5 AN0 P1LOT AREA 70 8.Q BY 5.5
L J

CaALL PHY" 2(2.7%5,1.0)

CALL P1G. 11.,8.9)

Clu !I’L"o. .0..“m..1‘°.°.°....5-5)

L Gad SRT EXTRA TICKS PER STEP C¥ X-AXIS INTEGERIZZ ALL Y =AX1S
- L and BOEBEBRING BEORIZCNTAL

CALL TPICES (5)
- CALL YTICXS (S)

CALL YAXADNG (0.0)

CALL INTAIS

SZT GRACE 22RGIY 70 0.0 -ASD $27 SCALING PARANETERS
. CALL GRACZ(0.0)

CALL GRAP (LBSY,LEST?,LRLV,SCPSY,SCPSTR,SCPEY)

see DRAS A GRID LINZ IVERY OTNSE STEP IB THE I DIRECTION

®
- c CALL GRID ¢=2,0)
®
99
L

CEANGE 10 DOTTED LINE HCDE. DSA¥ GRID LINE SVERY STXP IN & OIR.

QLl po?
CiL: ¢2ID(1,0)
- o CALL BRSET(°DOT")
- sees
seee
sees
= .
*e SET T-AXITS SCALL POR P COUNT PLOTS
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CALL YGEAIS (SCPSV,SCPSTR,SCPRY,S, 5,3CPLAB, 100,9.0,0.0)
DAV BONIRAL EEAN OF REVOLUTICE CORYE

CALL CURYR(LR,SCENN,NPY, Q)
S3? ARIGET OF COURVE HARKAES
CALL NEIGET (0.07)

PLOT 3T OF TER CLOCK PULIES
CALL COURVE(LR,SCP,BIT,~ 1)
RESET BRlGAT

CALL BRESET('HEIGR?T’)

DRA® RESAGRSS
CALL BRSSAG (N2351,100,0.0,7.0)

CALL NBSS)AG (B2332,100,0.0,6.5)
CALL HESSAG (BESS3,100,0.0,6.0)

S3D-0F=-PLOT
IRTORS

CALL SBDPL(0)
RRTORD

mo

SUBROUTINE PLTIV

IRCLUDR *COMBLK/NCLIS?*

XXX EEY

40¢ 088 e L 21

P0NCTION: PLOTS SLIDING SUR DATA GROUPS VS ACP RUNSRE®

INPUTS: CONNOB BLOCK
ouTeTS: MOTTE
CALLED FROE: RBISIL
CALLS T?0: BONR

9

Lo L L)

INTIGER IPK3IAR(200)

INITIALIZE LEVEL CEB
CALL BGERL(NFLAT)
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oo SET LETTERING STTILR

CALL ?RIPLX
CALL DASALF(°STANL®)
CALL AIXALP{*L/CST¢)

bbad SBT PAGR 3I22 TO 11. BY 8.3 AND PLOT AREA 70 6.0 BY 5.9

CALL PAYSOR (2.73%,1.0)
CALL PAGE[11.,48.9)
CALL TITLR(O.,0.,3CPLAB,100,0,0,0.,5.9)

L

sos SET BXIRA TICIES PRR STEP C§ X-IXIIS INTRGERIZE ALL Y -iAXIS
Land SUBRERING EORIZONTAL
L J

CALL ETICES (8)
CALL TTICKS (S)
CALL TAXIANG (0.0)
CALL IBTAIS

®
Land SET GRACE BARGIN 10 0.0 -A3D SET SCALING PARANETERS
®

CALL GRACR(0.0)
CALL GRAP(ACPSV,ACPST?, ACPRY,CSCSV,C3C3TP,CSCRY)

Laad DRAN A GRID LIBX EVERY OTSER STEP IN 788 X DIRRCTION )

9

z c CALL GRID =2,0)
®

_ see CEANGE 70 DOTTED LINE ACDE, DRAS GRID LIWE RVERY STEP IN £ OIR.
®

- CALL DOT

CALL GRID(1,0)
< CALL RESET{°DOT*)

ssee
sese
seee
- .
Lo SET T=AXIS SCAL2 FOR AC? COONT PLOTS .
.
CALL YGIAZS (CSCSV,CSCSTR,CSCEY,5.5,03C1L10,100,0.0,0.0)
.

- Lo CL22R IPKRAY AND FIND BOREES OF LINES
J=LINEST (IPKRAY,200,29)

- I7{J.LT.6) YIMR 22, J
2 PORNAT(® LEGEED RPROR J= °,IN)

®
®
L and DRAW CURVES
[ ]

IHA JK=0DTS (K) /8
- kK=&
ry
ses SET ABIGHT OF CORVE NARKEDS
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CALL 8%1GN¥T (0.07)
PLOT GROUY SUNS
CALL sSTEP

CALL CURVE(WACP {1,K),CSC(1,K),0PTS (K),INARK)
RESST ExIGET

CALL ERSET(°1X1I5kT°)

CALL BRIGET (0.10)

PACE LI3ES ID L2GEND

CALL LINB3(SG300P (1,.K),IPERAY,IN)
CORTINDR

PLOT WAX. A¥D 9I3. POINTS AND
INCIBASE BARKER SIZE

CALL SBIGET (0. 18)

CALL COBVE(NAXY,5AXY,6,~1)
CALL CUBVR(NISI,BINY,6,~1)

2ESET BEIGET
CALL RESER(*A3ICE?T')
CALL ER1IGET (0. 10)

PACK LEGRED INFC BAX AID NI

CALL LINRS(*BAXINIOUN VALURS® ,IPKRAY,T)
CALL LISRS(°NININION VALUSS®,IPKRAY,S)

CALL B3SET(°IRIGET')

PIND BBIGET AND 9IDTH OF LEGEND ARIA

XYL D=XLEGAD (XPKRAYL, &)
THGT=TLRGED (IPKERAY,8)

PIND CORDINATES OF LIGRED

ILC=8,0~ X810
TLC=8, 5=I0GT~. 5

DRAS LEEZND
CALL LBG2R¥D (IPKRAY,9,1LC,6.0)




-

DRAW TAPR ID,IRET § CONERUTSEX
CALL BRS3AG (u2SS1,100,0.0,7.0)

CALL BESS3)G (R1352,100,0.0,6.9)
CALL $3S31Q (N8S33,100,0.0,6.0)

BuD=-0F-PFLOY
28702
CALL ENDPL(0)
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